Section 1. Experimental and synthetic details.
(
1.1) Synthesis of 4,4'-bis(11-mercaptoundecanoxy)azobenzene [ADT]

11-Thioacetoxyundecanol
A mixture of undec-10-enol (12.00 g), thioacetic acid (20 mL) and AIBN (80 mg) was dissolved in methanol (50 mL) and irradiated with a 450 W Hg arc lamp in a quartz reactor under nitrogen atmosphere for 16 h. The reaction mixture was then concentrated in vacuo. The residue was purified by column chromatography (chloroform:petroleum ether 3:1). Yield: 5.39 g (31%).
1 H NMR: (DMSO-d 6 , 300 MHz) δ 4.29 (br, 1H), 3.36 (t, 2H, J = 6.3 Hz), 2.81 (t, 2H, J = 7.2 Hz), 2.30 (s, 3H), 1.51-1.23 (m, 18H).
11-Thioacetoxy-1-bromoundecane
To a cooled solution of 11-thioacetoxyundecanol (2.0 g) and triphenylphosphine (5.3 g) in anhydrous (distilled over P 4 O 10 ) dichloromethane (30 mL) was added a solution of tetrabromomethane (4.2 g) in anhydrous dichloromethane (15 mL). Stirring was continued for 24 h at room temperature. The solvent was evaporated in vacuo and the residue extracted (five times) with petroleum ether. The crude product was purified by column chromatography (1:50 ethyl acetate:hexanes). Yield: 1.81 g (72%). 1 H NMR: (acetone-d 6 , 300 MHz) δ 3.51 (t, 2 H, J = 6.6 Hz), 2.87 (t, 2 H, J = 7.2 Hz), 2.31 (s, 3 H), 1.87 (t, 2H, J = 7.2 Hz), 1.65-1.15 (m, 16H). 
4,4'-Dihydroxyazobenzene
4,4'-Bis(11-thioacetoxyundecanoxy)azobenzene
On the basis of (S1). 4,4'-dihydroxyazobenzene (150 mg; 1 eq) and 11-thioacetoxy-1-bromoundecane (465 mg; 2.14 eq) were dissolved in distilled DMF (11 mL 
4,4'-Bis(11-mercaptoundecanoxy)azobenzene
4,4'-Bis(11-thioacetoxyundecanoxy)azobenzene (400 mg) was dissolved in chloroformmethanol mixture (5 mL : 15 mL) and 2.5 M HCl solution in methanol (20 mL) was added. The mixture was refluxed in nitrogen atmosphere for 4h. After that time, the reaction mixture was concentrated in vacuo and the crude product was purified by column chromatography (1:5 dichloromethane:hexanes). Yield: 311 mg (89% For PtNPs, seed solution (2 nm NPs) was first prepared according to a literature procedure.
3.5 mL of seed solution was then added to a growth solution of 25 mL toluene, 84 mg PtCl 4 , 500 mg DDAB and 925 mg DDA. PtNPs with an average diameter of 6.1 ± 0.6 nm were finally grown by a dropwise addition of 64 μL hydrazine dissolved in 10 mL of DDAB stock solution.
PdNPs (4.3 ± 0.5 nm) were synthesized in a manner analogous to AuNPs. Briefly, Pd seeds were prepared by a dropwise addition of 25 mg TBAB in 1 mL of stock solution to a mixture of 6 mg Pd(acac) 2 , 90 mg DDA and 2.5 mL of stock solution. The seed solution was then aged for 24 hours. Growth solution was prepared by the addition of 3.5 mL of the aged solution to 56 mg Pd(acac) 2 , 500mg DDAB, and 925 mg DDA dissolved in 25 mL toluene. Finally, 20 mM hydrazine in 10 mL of stock solution was added dropwise under vigorous stirring. kV) and their purity was verified using energy dispersive analysis by X-rays (EDX, Hitachi S3500) and X-ray photoelectron spectroscopy (Omnicron XPS). Various regions of the same sample were analyzed by focusing the beam at an appropriate region. Surface area was estimated using the Brunauer-Emmett-Teller (BET) technique.
Section 2. Competitive Adsorption Equilibrium.
In experiments, trans-azobenzene dithiol (ADT) was mixed with gold nanoparticles (AuNP), dodecylamine (DDA) capping agent, and didodecyldimethylammonium bromide (DDAB) surfactant. After equilibration, the AuNPs were covered by a mixture of ADT and DDA (cf. Fig. 1B in the text; the adsorption of DDAB was negligible in comparison) whose composition depended on the relative amounts of DDA, ADT, and AuNP in solution. Because direct instrumental techniques were not feasible to determine the amounts of NP-bound ADT.
(e.g., relaxation times were too long for NMR, NPs were too small for Raman), we used thermodynamic reasoning to estimate the number of surface bund ADT ligands per NP. (Fig. S2, left) and the numbers of ADT adsorbed onto one AuNP (Fig.   S2a ) and the numbers of ADT adsorbed onto one AuNP (Fig. S2b) . The minimum ADT concentration necessary for forming aggregates was determined experimentally to be ~ 0.02 mM (Fig. 1C) , at which there were ~18 ADT molecules adsorbed onto each AuNP (cf. dashed lines in plots). is the distance between dipoles (here, r = a ~ 5Å). Because the magnitude of this interaction for dipoles in close contact is greater than kT (i.e., E dd (a) ~ 3.9 kJ/mol and kT ~ 2.5 kJ/mol, such that dd ( )/~2 E a kT ), we make the approximation that the dipoles are immobilized in some configuration close to the minimal dipole-dipole energy E dd (a). Therefore, the NP-NP interaction energy is given by 2 2 2 NP azo 0
Substituting numerical values for the relevant parameters, this expression becomes:
. Therefore, the interaction energy is comparable to the thermal energy of an NP (3/2kT) when N azo ~ 16, which is close to our experimental estimate of ~18
ADT molecules per NP necessary for forming aggregates (cf. Fig. 1C in the main text). , and typical value of γ ~ 10 J/m 2 ; also cf. Fig. S4 .1). The adhesive forces tend to increase the interfacial area of contact and, as a result, the SS flattens and eventually assumes a shape that is well approximated by a truncated sphere ( Fig.   S4 .2). Importantly, the observation that contact angles of the spheres change with sphere size (cf.
main text and Fig. 1D ,E therein), indicates clearly that they behave like a deformable solid (and not like, for example, a droplet of "liquid" for which contact angles would be independent of size). The so-called Ramberg-Osgood (RO) (S7) model of hardening provides a general framework for the analytical description of the spheres' mechanical properties. In brief, the RO model assumes that the deformation of a body preserves its volume and proceeds in two steps -initially, it is reversible and elastic (until stress reaches the yield threshold, Y σ ) and then irreversible and plastic. According to this scenario, the strain, ε, is a sum of elastic, ε e , and plastic, ε p , components. In the elastic regime, the stress, σ, is related to the elastic deformation by ε e = σ/E, where E is the Young's modulus. The plastic deformation is related to the applied stress, σ, by the following formula:
, where K is the plastic resistance, and the exponent M determines the stress-strain dependence in the yield region.
For the supraspheres, the experiments suggest that the elastic strain contribution is small (cf. images of the glued spheres), and the so-called "rigid-elastic solid" approximation can be used. Within this approximation,
In addition, the initial radius of the SS, R 0 , and the radius of the deformed sphere, R, can be related by
, where α is defined in Fig. S4.3 and measures the degree of deformation (and strain, α ε~) of the SS.
The characteristic stress, σ, in the SS resulting from the plastic deformation can be then estimated by first noting that the atomic forces act at typical distances of the order of a few Å, which are small compared to the size of the SS. Thus, the SS-surface force, F, responsible for the deformation is localized at the line of contact between the SS and the substrate (blue lines in Fig.   S4 .3). One has: . One can write the scaling relation for the plastic Ohmic conductance all the way down to low voltages and sub-picoampere currents. As heating progresses, conductance increases (i.e., lines shift upwards).
